Abstract
Introduction
For decades, the timing of the umbilical cord clamping at birth has been the focus of controversies and intense discussions among practitioners [1, 2] . Although without clear benefit and no rationale to support it, early cord clamping remains the most common practice among obstetricians and midwives in the western hemisphere [3, 4] . In a recent Cochrane review [5] [6] defined delayed as more than 30 sec. Historically, birthing included the mother squatting with gravity being a contributing factor to both delivery and draining of the blood from the umbilical cord (Fig. 1) . In the era of modern medicine, the cord has been clamped early to facilitate resuscitation and stabilization of infants and because of concerns that delayed clamping could have adverse effects [7] . Moreover, in this period of cord blood banking, the umbilical cord is often clamped early in order to harvest a large amount of blood since the success of cord blood transplantation relates to the volume and number of cells transplanted [8] [9] [10] 
. However, there have been accumulating clinical and meta-analytical studies suggesting that delayed clamping increases blood volume and prevents anaemia in infants without severe adverse effects. In this review, we focus on the importance of delayed cord clamping in terms of the existence of stem cells in the umbilical cord blood (UCB) at birth.

Early haematopoiesis in foetus
To understand the relationship between cord clamping time and stem cells, it is first necessary to comprehend the early haematopoiesis during the human perinatal period [6] . At [11] . Haematopoiesis shifts completely from liver to BM after delivery [12] . Therefore [18, 19] . Hypoperfusion may disrupt the autoregulation that is essential to stabilize cerebral blood flow and prevent a pressure-passive circulation [20] .
Several [22] . Furthermore, delayed cord clamping improves cerebral oxygenation in preterm infants in the first 24 hrs of life [23] . A recent study concluded that late clamping is safe and does not compromise the preterm infant in the initial post-partum adaptation phase [24] . In term infants, delaying cord clamping for at least 2 min. reduced the incidence of anaemia in the neonatal period, prevented anaemia over the first 3 months of life and enriched iron stores and ferritin levels for as long as 6 months [25] . This is of particular importance for patients in developing countries where anaemia during infancy and childhood is highly prevalent [26] [27] [28] [29] [30] [31] . In contrast to the belief of most practitioners, the risk of some of the potential adverse effects of late cord clamping such as tachypnea or grunting, hyperbilirubinemia, polycythemia and hyperviscosity are not clinically significant and represent part of the physiological compensatory mechanism [25] [26] [27] [28] [29] [30] [31] .
Another potential benefit of delayed cord clamping is to ensure that the baby can receive the complete retinue of clotting factors necessary at birth since the actual birthing experience has been shown to switch on both the mother's and baby's clotting and fibrinolytical systems [32] . It [33, 34] . Therefore, harvesters of cord blood may make an attempt to clamp as early as possible to force a larger placental residual volume even though such practice is thought to be ethically inappropriate [35] . There are additional reasons that support early clamping, in particular, the advancement of cord blood banking [12] . First, cord blood harvest is considered a physiological event beyond the preterm, in that consequences extend to full term and healthy newborns' matter. At term birth, generally the newborn has excessive haemoglobin to compensate for the hypoxic prenatal environment, and subsequently experiences transient physiological anaemia following exposure to the more oxygenated extrauterine environment [12] . A baby with a normal diet has no difficulty in recovering from this natural lack in red blood cells. Therefore, the healthy baby can tolerate considerable decreases in haemoglobin without deleterious adverse effects, even if early clamping was performed for the blood collection [12] . Second, even a normal cord clamping time provides appropriate blood volume for future transplantation [12] . If clamping is delayed unnecessarily in healthy term babies and subsequently cord blood is not collected, invaluable stem cells in the cord blood will be discarded. Thus a concerted effort must be rendered against any intent to waste the opportunity for stem cell collection, especially in view of the lack of evidence demonstrating a relation between cord blood banking and consequent anaemia [12] . Third, although delayed cord clamping seems to increase haematocrit and red blood cell volume, there is no significant difference in clinical outcome such as Apgar scores and requirements for mechanical ventilation even in preterm groups [22] . In addition, clinical benefit from delayed clamping such as fewer intraventricular haemorrhage and blood transfusions is still controversial [22] . [36] [37] [38] .
Stem cells in human umbilical cord blood Cellular composition
Haematopoietic stem cells from human UCB are not only the most primitive but are also able to repopulate blood lineages over a long period [39] [40] [41] [55] . Subsequently, they cannot induce specific adhesion molecules, which are critical for antigen presenting [55] . UCB monocytes also have less expression of the human leucocyte antigen-DR, which subsequently decreases their cytotoxic capacity compared to adult cells [56] . Furthermore, UCB monocytes have difficulty in differentiating into mature DCs to activate naïve T cells, even with special stimulatory cytokines [57] . Unlike adult blood, DCs in cord blood have a lymphoid character that is more likely to be responsible for colonizing neonatal tissue [58] . [60] highly exist in cord blood [49] . By contrast, cytotoxicity of UCB natural killer cells is much lower compared to adult blood [61] . [63] . The MSC has also been found as a small fraction of UCB cells [63] [64] [65] [65] [66] [67] . Under specific growth conditions, UCB-MSCs could differentiate into osteogenic and chondrogenic cells [68] . [69] . [12, 83] [83] . Rocha et al. [84] [86] [87] [88] . The neuroprotective effect of human UCB stem cells in stroke [89] seems to be related to the induction of the release of neurotrophic growth factors [90] and/or angiogenic factors [91] and a reduction of inflammation [92] [93] [94] [95] . [96] . 
The lymphoid DCs promote anti-inflammatory T-helper 2 cell reactions, which presumably down-regulate the immune and inflammatory responses along with the naïve T cells [58, 59]. Of interest, natural killer (NK) cells which are able to inhibit T-cell proliferation and decrease TNF-␣ production
There are two different subpopulations of mononuclear human UCB cells, namely adherent and floating cells [62]. A significant number of stem cell antigens as well as neural cell markers were detected in the floating population, whereas the adherent cell population mainly contained lymphocytes (~53%) expressing haematopoietic antigens. These findings suggest not only the existence of a non-haematopoietic subpopulation within mononuclear UCB cells but also their potential to differentiate into cells of other diverse lineages.
Mesenchymal stem cells (MSCs) and MSC-like progenitors can be isolated from amniotic fluid, placenta and Wharton's jelly
After incubation in neural differentiation medium, human UCB-MSCs expressed a number of neural cell antigens such as glial fibrillary acidic protein (astrocyte marker) and TuJ-1 (neural progenitor marker) as well as intermediate filament proteins reflecting neural differentiation such as vimentin and nestin
Usefulness of umbilical cord blood stem cells
. Most of all, the innate immaturity of cord blood cells including their immune naïveté may result in the optimal effects of these cells for haematopoietic and somatic organ transplantation compared to other adult stem cells such as BM-derived MSCs. These immature properties contribute to a lower incidence of immune rejection including graft-versus-host disease (GvHD) and/or inhibition of deleterious inflammatory reaction after transplantation even though they come from an allogeneic donor. Consequently, these characteristics could allow for relatively flexible donor-recipient matching requirements, hence leading to a shorter preparatory period for treatment
Furthermore, in a neonatal rat model of perinatal hypoxic-ischemic brain injury, intraperitoneal transplantation of human cord blood mononuclear cells resulted in incorporation of these cells into the damaged brain and alleviation of the neurological effects of cerebral palsy
First stem cell transplantation at birth
Disorder [Ref.]
• Respiratory distress syndrome [13] • Anaemia of prematurity [22] • Intraventricular haemorrhage [24] • Sepsis [104] • Periventricular leukomalacia [105] To be confirmed 
